Background {#Sec1}
==========

Globally, it is estimated that 42 million children are overweight or obese, illustrating the seriousness of this public health challenge \[[@CR1]\]. The prevalence of childhood obesity has increased substantially since the 1970s and there is little evidence to suggest these rates are tapering off \[[@CR2], [@CR3]\]. It is clear that New Zealand (NZ) children are following this global trend, with 9.5 % of children being obese by the time they are only 2--4 years of age and a further 20 % being overweight \[[@CR4]\]. In addition to the immediate adverse effects of obesity in infancy and toddlerhood \[[@CR5]\], it is also a strong risk factor for overweight later in life, and the associated health effects \[[@CR6]\]. Determining the most effective tools for reducing excessive weight gain early in life is paramount if we are to prevent obesity before it becomes entrenched \[[@CR7]\].

The early years are a time of immense change when fundamental behaviours including those around eating, sleeping, and physical activity are established. It is apparent that overweight and obesity develop from the complex interaction of multiple factors \[[@CR8], [@CR9]\], including biological effects (e.g. genetic susceptibility \[[@CR10]\], and an 'obesogenic' gut microbiome \[[@CR11]\]), behavioural factors (e.g. dietary, physical activity, sedentary and sleep habits \[[@CR12], [@CR13]\]), as well as cultural, social, environmental and economic influences \[[@CR14], [@CR15]\]. Evidence also suggests that parenting and discipline practices \[[@CR16]--[@CR18]\], mental health \[[@CR19]\], and infant temperament \[[@CR20], [@CR21]\] may influence the development of obesity in young children. It has recently become apparent that many of these factors are influenced by self-regulation -- the ability to control one's behaviour without external assistance \[[@CR22], [@CR23]\]. To gain traction in reducing childhood obesity rates, interventions need to modify a wide range of these factors.

Relatively few obesity prevention trials have been undertaken in the first 2 years of life \[[@CR24], [@CR25]\], and many have been small \[[@CR26], [@CR27]\] or used non-randomised designs \[[@CR28], [@CR29]\]. However, three large randomised controlled trials (RCTs) have recently been undertaken in Australia. All three have targeted nutrition and eating behaviours in families \[[@CR30]--[@CR32]\] with two also addressing physical activity and sedentary behaviour \[[@CR30], [@CR31]\]. However, only one of these studies saw benefits in terms of relative body weight at the end of the trial \[[@CR30]\]. This home-based intervention in mothers from disadvantaged areas of Sydney reported body mass index (BMI) values to be 0.29 kg/m^2^ (95 % confidence interval −0.55 to −0.02; *P* = 0.04) lower in intervention compared with control children at 2 years of age, with differences observed in several behavioural variables that might explain this effect on weight status \[[@CR30]\]. Disappointingly, this intervention benefit was only transient, with significant effects no longer apparent when the children were 5 years of age \[[@CR33]\]. Neither of the remaining studies observed a significant intervention effect on BMI at 18 \[[@CR31]\] or 24 \[[@CR32]\] months of age, nor at follow-up at 5 years of age \[[@CR34]\]. Interestingly, all three studies had little impact on nutritional intake or levels of physical activity in children, although time spent watching television appeared to be modifiable \[[@CR30], [@CR31], [@CR35]\]. Although it is not clear why it might be so difficult to influence nutrition or activity levels early in life, it is feasible that other priorities such as infant crying \[[@CR36]\] and sleep problems \[[@CR37]\] are more important to parents at this age.

In 2009, we commenced the POI (Prevention of Overweight in Infancy) RCT in 802 Dunedin families designed to reduce the number of children with excessive weight gain in the first 2 years of life \[[@CR38]\]. Participants were randomised to one of four groups: Control (usual care), FAB (food, physical activity and breastfeeding), Sleep, or Combination (received FAB and Sleep interventions). All four groups received standard Maternity and Well Child care \[[@CR39]\], and the three intervention groups received additional guidance and support on the relevant behaviours (breastfeeding, diet, physical activity, sleep) as detailed previously \[[@CR38], [@CR40], [@CR41]\]. The POI study, and the three large controlled trials from Australia (Healthy Beginnings \[[@CR42]\], Nourish \[[@CR43]\], and InFANT \[[@CR44]\]), are combining their data to form a prospective meta-analysis of the feasibility and effectiveness of early obesity prevention efforts (Early Prevention of Obesity in Children, EPOCH) \[[@CR45]\]. Care has been taken to ensure that the study design, participants, intervention, comparators and outcome measures are similar across all four studies.

All four EPOCH studies aimed to modify BMI in the first 2 years of life through food, parenting and physical activity interventions. However, in addition to targeting these behaviours, the POI study also included a sleep intervention arm. Whether sleep interventions can affect growth trajectories is not known, but is an area of great interest internationally \[[@CR46]\]. We know that adequate sleep in infancy and childhood is important for behaviour, learning and family functioning \[[@CR47]\] but a wealth of data now link poor sleep habits with an increased risk of overweight in childhood as well \[[@CR13], [@CR48]--[@CR50]\]. Despite this, we know relatively little about whether it is possible to change sleep behaviour and ultimately affect growth because very few sleep interventions have been published to date \[[@CR26], [@CR51]--[@CR53]\]. Our brief POI intervention (2 core visits) focused on developing appropriate sleep habits from birth, including the ability of the infant to regulate their own sleep, i.e. to fall asleep when tired without external aids such as being fed to sleep or being rocked in a parent's arms \[[@CR54]\]. At 2 years of age, we observed no significant intervention effect on mean BMI across the four study groups. However, an exploratory analysis demonstrated that when the two groups receiving the sleep intervention (Sleep and Combination) were combined, the sleep intervention halved the odds of obesity (BMI ≥95th percentile) compared to the groups who did not receive the sleep intervention (Control and FAB) \[[@CR55]\]. It thus seems opportune to follow-up this cohort to determine, first, whether this effect on obesity is sustained, and second, the mechanism by which a sleep intervention might beneficially affect weight in young children.

While it is clear that sleep is related to body weight in children \[[@CR13], [@CR48]--[@CR50]\] the mechanisms are poorly understood \[[@CR56]\]. The development of self-regulation, which mainly occurs in the first 4 years of life, seems fundamental in setting an individual's life trajectory \[[@CR57]\] and it appears that some of the earliest demonstrations of self-regulation are the ability to go to sleep without external assistance, and to match energy intake with energy requirements. Infants who are able to regulate their own sleep have healthier sleep-wake patterns later in life \[[@CR58]\], and general measures of self-regulation have also been associated with healthier body weights in children \[[@CR59]--[@CR61]\]. How infants regulate their own sleep is difficult to measure by questionnaire, and objective measurements using video-cameras are not feasible in large trials \[[@CR62]\]. However, we have included well-validated measures of general and sleep self-regulation in the follow-up study proposed here. Child measures of inhibitory control and language (core skills associated with self-regulation) will be assessed using the Developmental Neuropsychological Assessment (NEPSY) subsets of statue, comprehension, phonological processing, and word generation \[[@CR63]\], and the Head-Toes-Knees-Shoulders task \[[@CR64]\], a measure of behavioural regulation which also assesses inhibition. These findings will be augmented with age-appropriate measures of the self-regulation of sleep (self-settling to sleep, awakenings from sleep, consolidated sleep duration), and energy balance (dietary intake, parental beliefs about the child's ability to regulate their own energy intake, and physical activity assessed using accelerometry).

Other factors of interest in child growth include physical activity, diet and the gut microbiota. How physical activity patterns develop is of interest given the low rates of physical activity seen in some \[[@CR65], [@CR66]\], although not all \[[@CR67]\], studies in young children, and the observation that marked declines in activity are apparent even in the preschool years \[[@CR68]\]. Accelerometers are increasingly being used to measure physical activity in children under five years of age \[[@CR69]\], although rarely in those less than 3 years of age \[[@CR70], [@CR71]\]. 24-h accelerometry data (over 5 days) were collected at 6, 12 and 24 months as part of POI to measure both sleep and physical activity \[[@CR72]\], and extending these measures in our follow-up study will allow us to examine multiple questions of interest regarding the early development of physical activity and inactivity and sleep. How the gut microbiota develop in early life and the potential relationship with obesity is of intense interest worldwide \[[@CR73]\]. Despite clear differences in bacterial composition between lean and obese mice, corresponding findings in studies of humans have been considerably more mixed \[[@CR74]--[@CR76]\]. However, several longitudinal studies have now demonstrated that variation in gut microbiota during infancy is related to overweight status at older ages \[[@CR77]--[@CR79]\], although existing studies contain few subjects \[[@CR77], [@CR78]\] or use parent-reported BMI values \[[@CR79]\] which have known inaccuracies \[[@CR80]\]. Many studies are also unable to account for dietary intake, which clearly alters the bacterial composition of the microbiome \[[@CR76]\]. Although it remains to be seen whether variation in gut microbiota is a cause or consequence of obesity \[[@CR81]\], our prospective study includes a large number of children whose diet and lifestyle since birth has been well documented.

The overall aim of the POI follow-up is to determine the extent to which augmented parental support and education on infant sleep, feeding, diet, and physical activity in the first 2 years of life reduces BMI at 3.5 and 5 years of age, and to determine the role of self-regulation in any such relationship.

The key objectives are to determine whether the POI 'Sleep intervention' or 'FAB intervention' from late pregnancy to 2 years of age result in differences in:BMI z-score at 3.5 and 5 years of age (primary objective)Self-regulation (overall, sleep-related, or energy) at 3.5 and 5 years of ageOther weight indices (BMI, prevalence of overweight or obesity, waist circumference) at 3.5 and 5 years of ageBody composition at 5 years of ageSleep (timing, duration, awakenings, problems) at 3.5 and 5 years of agePhysical activity at 3.5 and 5 years of ageDiet at 3.5 and 5 years of age.

Additional objectives include determining, in a cohort analysis, possible predictors of BMI, self-regulation (overall, sleep-related, energy), and sleep consolidation (timing, duration, awakenings, problems) at 3.5 and 5 years of age.

Methods/Design {#Sec2}
==============

Study design and participants {#Sec3}
-----------------------------

The POI study was a four-arm RCT controlled trial assessing whether additional education and support on sleep (Sleep group); breastfeeding, diet, and physical activity (FAB group); or both (Combination group) reduced excessive weight gain from birth to 2 years of age compared to usual care (Control group) \[[@CR38]\]. All mothers who had booked into the single maternity hospital (\>97 % of all births) serving the city of Dunedin, NZ, between May 2009 and November 2010 were invited to participate in the POI study when they were 28--30 weeks gestation. Exclusion criteria applied before birth were: home address outside Dunedin, planning to move from Dunedin in the next 2 years, booked into the maternity centre after 34 weeks gestation, or unable to communicate in English or Te Reo Māori (language of the indigenous (Māori) ethnic group of NZ). Exclusion criteria applied after birth were: identification of a congenital abnormality likely to affect feeding or growth, or birth before 36.5 weeks gestation. All participants enrolled in the original POI intervention will be invited to participate in follow-up measurements by research staff. The study was approved by the University of Otago Human Ethics Committee (12/274) and written informed consent will be obtained from participants before commencing the first follow-up visit at 3.5 years of age.

Sample size {#Sec4}
-----------

Retention at 2 years was 86 % (*n* = 686/802) which is higher than was anticipated in our original power calculations (20 % loss to follow-up was assumed) \[[@CR38]\]. Based on this, we anticipate retaining at least 75 % of the original cohort through to age five, giving us an estimated sample size at 5 years of at least 600 participants. This would provide 80 % power to detect a difference in BMI of 0.3 kg/m^2^ or larger at 5 years of age between any pair of the four groups using a two-sided test at the 0.05 level, based on earlier data from this research group suggesting a standard deviation of 0.8 \[[@CR49]\]. This sample size would also allow 80 % power for detecting differences in self-regulation scores of 0.35 standard deviations between any two arms of the trial (falling between a "small" and "moderate" effect size) and detecting correlations at the study level of 0.12 or larger between continuous measures (e.g. between parenting style at 12 months and self-regulation at 5 years and between consolidated sleep hours at 6 months, and self-regulation at 3.5 and 5 years) using two-sided tests at the 0.05 level.

Data collection {#Sec5}
---------------

All data will be collected via two clinic visits lasting 60--90 min, one when the child is 3.5 years, and the other when they are 5 years of age. In brief, the child and parent(s) will have their height, weight and waist circumference measured, and the parent completes the questionnaire while the child undergoes the neuropsychological measures of self-regulation and a hair sample is taken (see below). One week later, parents will be contacted and the accelerometer, remaining questionnaire items, 24-h microbiota food frequency questionnaire, and stool sample will be collected. The dual-energy x-ray absorptiometry (DXA) scan will occur at a separate visit within two weeks of the clinic visit (5 years of age only). Parents will be compensated with a \$20 grocery voucher for attending the clinic visit and a \$10 grocery for completing the take-home questionnaire. Children will be offered a story book of their choice as a gift. Families who have since left the area but want to continue participating will be able to arrange to have their child (and themselves) weighed and measured at a medical centre, and complete online questionnaires. No other measurements will be obtained for these out-of-town participants.

Outcome measures {#Sec6}
----------------

The timing of the outcome measures is presented in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}. All measures are undertaken by trained research staff blinded to original group allocation.Table 1Outcome measures used to determine the effects of the POI intervention in children at 3.5 years and 5 years of ageAgeMeasureMethodObjectives3.5 years5 yearsAnthropometryHeight, weightWHO Growth standards \[[@CR83]\]aChildChildBMICalculatedaChildChildBMI-for-age z-scoreWHO Growth standards \[[@CR83]\]cChildChildPrevalence of overweightBMI z-score ≥85th but \<95th percentilecChildChildPrevalence of obesityBMI z-score ≥ 95th percentilecChildChildWaist circumferenceWHO Growth standards \[[@CR83]\]cChildChildSelf-regulationOverall self-regulationNEuroPSYchological Assessment (NEPSY) \[[@CR63]\]bChildChildHead-Toes-Shoulders-Knees task \[[@CR64]\]bChildChildBehavior Assessment System for Children (BASC) \[[@CR85]\]bChildChildChild Behavior Questionnaire \[[@CR86]\]bChildChildSleep-related self-regulationResearcher generatedbChildChildEnergy self-regulationChildren's Self-Regulation in Eating scale \[[@CR87]\]bChildChildBody compositionBody fat %Dual-energy X-ray absorptiometry (DXA) scand-ChildLean mass %Dual-energy X-ray absorptiometry (DXA) scand-ChildSleepSleep timingAccelerometry \[[@CR104]\]eChildChildSleep durationAccelerometry \[[@CR104]\]eChildChildAwakeningsAccelerometry \[[@CR104]\]eChildChildSleep problemsResearcher generatedeChildChildSleep hygieneResearcher generatedeChildChildSleep disturbancesSleep Disturbance Scale for Children \[[@CR94]\]e-ChildPhysical activityPhysical activityAccelerometry \[[@CR72]\]fChildChildSedentary behaviourResearcher generatedfChildChildDietDietary pattern scoresFood frequency questionnaire \[[@CR96]\]gChildChildNutrient intakeFood frequency questionnaire \[[@CR95]\]g-ChildTable 2Additional measures collected to determine the predictors of BMI, self-regulation, and sleep consolidation at 3.5 years and 5 years of ageChildParentMeasureMethod3.5 years5 yearsChild age 3.5 yearsChild age 5 yearsChild gut microbiotaGut microbiotaFrom stool sampleChildChild\--Child mental healthChild depressionBASC-2 \[[@CR85]\]ChildChild\--Child anxietyBASC-2 \[[@CR85]\]ChildChild\--Child stressHair cortisol \[[@CR99]\]-Child\--Parenting practicesDisciplineResearcher generated\--MotherMotherMaternal mental healthMaternal depressionDepression, Anxiety and Stress Scale (DASS 21) \[[@CR100]\]\--Mother -Maternal anxietyDepression, Anxiety and Stress Scale (DASS 21) \[[@CR100]\]\--Mother -Maternal stressDepression, Anxiety and Stress Scale (DASS 21) \[[@CR100]\]\--Mother -

### Anthropometry (objectives a and c) {#Sec7}

Trained measurers will conduct all anthropometric measurements following standard protocols \[[@CR82]\]. Weight will be obtained with children wearing standard clothing (singlet and underwear) using regularly calibrated electronic scales (Tanita WB-100 MA/WB −110 MA). Height will be measured using a Harpenden stadiometer (Holtain Ltd, UK). Waist circumference will be measured at the minimum circumference between the rib cage and the iliac crest using a Rosscraft Anthropometric tape (Rosscraft Innovations Inc, USA). A third measurement will be made if duplicate measures are not within 0.1 kg for weight, 0.7 cm for height, and 1.0 cm for waist circumference (with the mean of the two closest measurements used in such cases) \[[@CR38]\]. Weight-for-age z-score and BMI-for-age z-scores will be calculated using the WHO growth standards \[[@CR83]\], with overweight defined as a BMI-for-age z-score ≥85th to \<95th percentile and obesity defined as ≥95th percentile.

### Self-regulation (objective b) {#Sec8}

*Overall self-regulation* will be determined using the laboratory-based measures NeuroPSYchological Asssessment (NEPSY-2) \[[@CR63]\] and the Head-Toes-Knees-Shoulders task \[[@CR64]\]. The NEPSY-2 is a test battery assessing numerous areas of neuropsychological functioning. It is well-normed, reliable, and appropriate for use with 3--5 year-old children. Five subtests from this battery will be used in this study to assess targeted areas of neuropsychological functioning: 'Statue' which measures inhibitory control, 'Comprehension of Instructions' which assesses working memory, 'Visuomotor Precision' which measures inhibition and fine motor control, and 'Phonological Processing' and 'Word Generation' which both assess language development. In addition, children will complete the Head-Toes-Knees-Shoulders task, a measure of behavioural regulation and inhibition \[[@CR64], [@CR84]\]. As well as these laboratory measures, self-regulation will also be assessed using parent-report questionnaires to assess children's day-to-day abilities to self-regulate behaviour outside the setting of the study assessment session. These questionnaires include the Behavioral Assessment System for children (BASC-2) \[[@CR85]\] and the Children's Behavior Questionnaire (CBQ) \[[@CR86]\]. The BASC-2 is a well-validated and normed scale designed to assess wide-ranging areas of child functioning, as rated by parents and/or teachers. At both ages four subsets of the BASC will be assessed, namely 'Hyperactivity', 'Attention Problems', 'Emotional Self-Control', and 'Executive Functioning'. The CBQ is an extensively used and validated measure of child temperament and items load into 3 broad factors: 'Surgency' which is a measure of positive affect and approach, 'Negative Affect' which indicates sensitivity to frustration and punishment, and 'Effortful Control' which evaluates attentional self-regulation. The latter two factors will be used as indicators of self-regulatory abilities.

*Sleep-related self-regulation* will be assessed using brief questions asking parents how often (six-point likert scale) their child falls asleep on their own, requires a parent to hold them or be in the room in order to fall asleep, has difficulty falling asleep, and stays in their own bed all night.

*Energy self-regulation* will be assessed using a brief eight-item questionnaire \[[@CR87]\], which asks parents to agree or disagree (five-point likert scale) with eight statements covering issues such as the child knowing when they are full, eating when they are already full, and not eating snacks if they are already full.

### Body composition (objective d) {#Sec9}

Body composition will be assessed by dual-energy x-ray absorptiometry (DXA) at 5 years of age only. All DXA measurements will be performed and analysed by one experienced operator with a Lunar Prodigy scanner (software package 16.0; Lunar, Madison, WI) using standard procedures. The scanner determines total fat mass (kg) and the fat content (kg) of specific anatomical regions including trunk and extremity fat (automatic default regions) and central and peripheral fat (manual regions of interest) \[[@CR88], [@CR89]\]. In our laboratory the CVs for repeated in vivo scans on ten adults were 1.8 % for fat mass, 1.8 % for fat percentage, and \<2.5 % for all regional measurements. The scans are well tolerated by children at this age (\>95 % usable scans).

### Sleep, physical activity and sedentary behaviour (objectives e and f) {#Sec10}

Measures of habitual physical activity (counts per minute, time spent at different intensities of activity) and 24 h-sleep patterns (sleep-wake timing, sleep duration, night awakenings, overnight sleep efficiency, daytime naps) will be measured by five consecutive days of accelerometer recording including at least one weekend day (Acticals, Mini-Mitter, Bend, OR) \[[@CR49]\] in all children. The accelerometer will be fitted to the child during the clinic visit. Children will be asked to wear the accelerometer 24 h a day for the full 5 days. The accelerometers are initialised using 15 s epochs and a valid day is defined as at least 8 h of wear time. Data will be cleaned and scored using an automated script developed in MATLAB (MathWorks, Natick, MA, USA). The program is initiated using a "time flag" for sleep onset and for sleep offset, approximately half an hour before the average bedtime and wake times for this age group. To detect sleep and wake states the count-scaled algorithm \[[@CR90]\] is activated to detect wake "events" as the last of 15 continuous minutes of sleep followed by 5 min of awake and sleep "events" as the start of 15 continuous minutes of sleep preceded by 5 min of awake. Nap screening rules will be applied to the data for the 3.5 year olds to identify naps as sleep periods that occurred during the period of 9 am to 5 pm, where a sleep period is defined as at least 20 min of sleep, preceded by 5 min of awake and using a minimum sleep time threshold of 30 min \[[@CR91]\]. Non-wear time applies to the period of time between sleep offset (morning wake) and bedtime and is defined as 20 min of consecutive zeros. Standard sleep-wake variables including nap counts and timing will be calculated using the automated script within MATLAB. Subjective measures of sleep will be collected by questionnaire. Data will be analysed for physical activity during waking hours only and expressed as both counts/min (measured in 15 s epochs) and in terms of intensity of activity (sedentary, light, moderate, vigorous) using the cutoffs of Evenson et al. \[[@CR92]\] as recently recommended \[[@CR93]\].

Data on parents' perceptions of their child's sleep as problematic, sleep hygiene covering the pre-sleep routine (for example bathing, reading, quiet time, use of electronic media), the sleep environment (who the child sleeps with, bedding and lighting arrangements), and sleep disturbances (snoring, restless legs, sleepwalking, nightmares and night terrors) will be collected by questionnaire. Parents will also complete the Sleep Disturbance Scale for Children when their child is 5 years of age \[[@CR94]\]. Information on children's electronic media use will also be collected from all children via questionnaire. This will include: the variety of media in the house (television, DVD, computer, tablet, cellphone, 'iPod'), usual time spent on each device by the child, family rules around viewing, and viewing situations such as who the child was with, and where the device was viewed \[[@CR38]\].

### Diet (objective g) {#Sec11}

In order to minimise respondent burden and thus achieve higher rates of participant retention, dietary intake (food pattern scores and nutrient intake) will be assessed using an interviewer administered food frequency questionnaire (FFQ) rather than diet records or 24-h recalls. At both 3.5 and 5 years of age, the FFQ will be based on the EAT FFQ that has been validated for measuring both nutrient intake \[[@CR95]\] and dietary patterns \[[@CR96]\] in young children. At 3.5 years, the FFQ will collect data on the frequency (13 frequency categories: 'not eaten this month' to 'five or more times a day') with which 90 food items have been consumed over the past month. At 5 years of age, the EAT5 FFQ will collect data on amount eaten as well as frequency of intake over the past month (ten frequency categories: 'not eaten this month' to number of times a day). Amounts will be collected as number of specified units (e.g. 1 biscuit), or volume (e.g. ml of rice) with the parent using dried beans or rice to demonstrate a typical portion size for that food. The 113 foods in the EAT5 FFQ will include foods from the original EAT FFQ that are still relevant at 5 years of age (i.e. excluding infant foods) with additional foods that are rich sources of food components that may influence the gut microbiota (i.e. resistant starch, polyphenols, choline). In addition, at 5 years of age the parent will be asked to complete a self-administered recall when they collect their child's faecal sample (see next section). This recall will refer to the day before the sample was collected and is the same as the EAT5 FFQ but asks for frequency of intake only, not amount eaten.

### Additional measures {#Sec12}

#### Gut microbiota {#FPar1}

A small stool sample (approximately 5 g) will be collected from each participant at 3.5 and 5 years. The sample will be placed into a specially provided freezer flask and stored in the home freezer before retrieval by POI research staff following notification of sample collection. The sample will be stored at −80 °C for later analysis of the composition of the stool microbiota. These analyses will focus on bacterial community phylogenetics using high throughput sequencing of amplicons generated from the 16S rRNA gene. DNA will be extracted from stool using the MoBio PowerSoil DNA Isolation kit according to the Human Microbiome Project standard operating procedures (<http://www.hmpdacc.org/tools_protocols/tools_protocols.php>). Genomic DNA will be submitted to Argonne National Laboratories for barcoded amplification of the V4 region of the bacterial 16S rRNA gene and sequencing on a MiSeq (Illumina) instrument. DNA sequences will be processed using the QIIME v. 1.9.1 suite of programs \[[@CR97]\]. Genus level taxonomy will be obtained by filtering Operational Taxonomic Unit (OTU) tables containing taxonomic data generated using the RDP classifier, at a genus level, extracting representative sequences and using BLAST to identify genus level matches within the NCBI database. Alpha- and beta-diversity analysis of phylogenetic data will compare the coverage and richness (number of phylotypes), and similarity or difference in the composition of the stool microbiota between subject groups. Finally, the proportions of the major bacterial families and genera comprising the stool microbiota will be compared between normal and overweight children.

#### Child mental health {#FPar2}

The child depression and anxiety subscales of the BASC-2 questionnaire will be used to assess child mental health. At the 5 year clinic appointment, a small sample of the child's hair will be collected for measurement of hair cortisol as an indicator of chronic stress. Hair samples (around 100 hairs in total) will be obtained from the vertex posterior region (the back of the head in a line between tops of ears) of the scalp, and stored for later analysis of cortisol \[[@CR98], [@CR99]\].

#### Parenting practices {#FPar3}

Discipline will be assessed using one question: "please state which of the following you have done to get your child to do, or to stop doing, something over the past week?" followed by a list of 14 common discipline strategies on which respondents will indicate the number of days (0 to 7) that strategy had been used in the last week.

#### Maternal mental health {#FPar4}

Maternal mental health will be determined using the Depression, Anxiety and Stress Scale (DASS 21), a widely used 21 item quantitative measure covering depression, anxiety (symptoms of psychological arousal), and stress (the more cognitive, subjective symptoms of anxiety) \[[@CR100]\].

Four additional measures will be collected but are not discussed here as they will not be part of the main analyses: child salivary oxytocin (5 years of age), maternal salivary oxytocin (child 3.5 years of age), child blood pressure (3.5 and 5 years of age), and awake heart rate variability in children lying supine followed by heart rate responses to a 70° head-up tilt test (3.5 and 5 years of age).

Analysis {#Sec13}
--------

For the key objectives, data will be analysed using linear, logistic (binary or ordinal), and Poisson (or negative binomial) regression models to compare the four arms of the trial in terms of continuous, categorical (binary or ordinal), and count outcomes respectively, with a random effect for participant along with terms for age and a group-by-age interaction added when longitudinal outcomes are analysed. As analyses at 2 years did not find consistent evidence in support of interactions between the Sleep and FAB interventions, we also plan to investigate outcomes using combined Sleep and combined FAB groups. A two stage process will be used, first investigating whether there is evidence for such an interaction (a reparameterisation of the four group model) and if not, the Sleep and FAB intervention terms will be investigated without the interaction included, although this process will increase the Type I error rates beyond the nominal level \[[@CR101]\]. All *P*-values will be reported using three decimal places and *p*-values less than 0.001 will be reported as '*p* \< 0.001'. Two-sided *p* \< 0.05 will be considered to indicate statistical significance and no adjustments for the multiple outcomes are planned. Post-hoc comparisons between the three intervention and one control groups will only be performed where the overall (Wald) test is statistically significant. Where available, baseline values will be included in models and all models will include the stratification variables \[[@CR102]\]. Standard model diagnostics will be used and log-transformations used where this improves residual normality and/or homoscedasticity for continuous outcomes. Homser-Lemeshow tests will be used for binary logistic regression models and proportionality will be assessed in ordinal logistic regression models using generalised ordinal logistic regression. Overdispersion will be examined using a likelihood ratio test for count outcomes, with negative binomial regression used when this is significant. Where model residuals remain unacceptable for continuous outcomes, quantile regression, including mixed quantile regression where appropriate, will be used instead to model medians.

Similar models will be used for the additional objectives with the study group included but not of direct interest in itself. No subgroup analyses are currently planned. All effect sizes will be accompanied by 95 % confidence intervals and these will be used to assess clinical significance alongside determination of statistical significance. As missing data is expected to be around a quarter of the original participants and is unlikely to be MCAR or even MAR when conditioning only on the intervention group and stratification variables alone, all analyses will be accompanied by sensitivity analyses using multiple imputation with predictors including previously available outcome measures where possible and using chained equations when necessary. Rubin's method for combining the results from the 25 imputations (or more if necessary such that the number of imputations exceeds the percentage of missing data) will be used. Scenario analyses will be performed to explore the robustness of findings to models of informative missingness \[[@CR103]\]. Current or subsequent versions of Stata (14.1 or later) and R (3.3.1 or later) will be used for all analyses. Statistical analyses will be conducted by one of the co-investigators (AG) who also performed analyses on outcomes at earlier times.

Discussion {#Sec14}
==========

Although interest in early life approaches to obesity prevention is high \[[@CR25]\], much of the existing literature is based on small studies, or those with non-randomised designs \[[@CR24]\]. In particular, relatively few large RCTs have been undertaken in the first 2 years of life. However, three recent Australian trials have demonstrated that behavioural change is challenging, but possible, at least in terms of eating behaviours and reducing sedentary time \[[@CR30]--[@CR32]\]. Only one \[[@CR30]\] of the three \[[@CR31], [@CR32]\] Australian trials reported a significant impact on BMI at two years of age, an intervention benefit that was not sustained at 5 years of age \[[@CR33]\]. However, compilation of these Australian data with our POI study in a prospective meta-analysis should help elucidate which dietary and/or activity targets, settings, or intervention approaches might be optimal for combating early excessive child growth \[[@CR45]\].

Our POI study was novel in including a sleep intervention arm that reduced the odds of obesity at two years of age, despite no differences in sleep duration between intervention and control groups \[[@CR55]\]. The follow-up analyses described here have been designed to determine whether variation in self-regulatory abilities in children may contribute to this intriguing observation. Our study has many strengths, including frequent high-quality assessment, good retention of participants, and use of objective measures where possible (such as 7-day accelerometry to measure sleep and physical activity). Collection of other novel measures such as of gut microbiota in this large prospective study should also allow for testing of new hypotheses thought to be important in the development of childhood obesity.
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